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This	 paper	 presents	 a	 development	 approach	 and	 design	 of	 a	 task-centered	 agent-based	 model	 (ABM)	 to	
represent	 the	 interactions	 of	 occupants	 with	 a	 commercial	 office	 building.	 The	 model	 is	 built	 with	 the	
understanding	 that	occupant	behaviour	 is	driven	by	 tasks	 the	occupant	performs.	A	contextual	 task	analysis	























through	 Friday,	 and	 is	 “off”	 Saturday,	 Sunday,	 and	 holidays.	 Schedules	 ignore	 individual-
occupant	 level	actions	 (e.g.	occupant	 leaving	mid-day),	do	not	account	 for	complexities	 in	
their	actions	(e.g.	occupant	opening	a	window	shade	might	also	turn	off	lights)	,	and	fail	to	
integrate	 cross-discipline	 data	 (e.g.	 equipment	 usage	 is	 not	 integrated	 with	 an	 occupant	
schedule)(An	et	al.,	2005).	For	example,	the	“on”	equipment	from	6	am	to	6	pm	is	actually	
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turned	on	and	off	throughout.	This	affects	internal	heat	gains,	leading	to	improper	calculation	







their	 workspace.	 ABM	 simulates	 the	 unique	 decision-making	 behaviour	 of	 individual	
occupants	and	then	shows	how	the	overall,	complex	building	behaviour	emerges	as	a	result	
of	those	behaviours	(Klein	et	al.,	2012).	The	decision-making	process	of	individual	occupants	
explains	behaviour	 intentions	and	actions	 in	response	to	environmental	stimuli	 (Gaudiano,	
2013).	 Behavioural	 intentions	 are	 the	 occupants’	 goals	 of	 eliminating	 undesired	
environmental	conditions.	Occupant	actions	initiate	changes	in	the	environment.		
Behaviour	intentions	define	an	ABM	structure	to	evaluate	impact	of	various	occupant	actions	
in	 response	 to	 a	 number	 of	 different	 physical	 environment	 stimuli	 factors.	 Coupled	 with	
building	energy	simulation,	a	majority	of	ABM	efforts	thus	far	focus	on	evaluating	building	
energy	demand	in	a	variety	of	different	building	types	(Azar	and	Menassa,	2012;	Chen	et	al.,	
2013)	and	building	occupancy	 (Azar	and	Menassa,	2015)	 in	 response	 to	occupant	 thermal	
comfort	behaviours	(Langevin	et	al.,	2014;	Lee	and	Malkawi,	2014)	and,	less	commonly,	visual	
comfort	behaviours	(Andrews	et	al.,	2011).	For	example,	using	thermal	comfort,	an	occupant	
takes	 action	with	 the	 intention	 to	 eliminate	 discomfort.	 The	 behaviour,	 or	 action,	 of	 the	
occupant	is	evaluated	for	its	impact	on	building	energy	demand	and	the	resulting	occupant	
satisfaction	or	dissatisfaction	with	their	thermal	environment	(Langevin	et	al.,	2015).		
While	 ABM	 has	 been	 successful	 in	 representing	 occupants	 in	 building	 simulation,	 using	
comfort	as	the	behaviour	intention	has	caused	several	issues.	First,	this	limits	the	model	to	
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is	engaged,	drives	the	need	and	type	of	comfort.	The	need,	therefore,	is	to	remove	discomfort	
to	improve	task	performance.		




ABM	 structure	 that	 uses	 tasks	 to	 define	 behaviour	 intentions,	 and	 2)	 integrate	 task	
performance	with	occupant	satisfaction	to	evaluate	occupant	behaviour.	While	this	ABM	is	in	
early	stages	of	development,	the	goal	is	to	couple	the	ABM	with	a	building	simulation,	such	




link	 between	 occupant	 behavior	 and	 task	 performance.	 Further,	 research	 tends	 to	 define	









evaluates	 the	 impact	 of	 the	 occupant-workspace	 interaction	 on	 tasks	 in	 terms	 of	 task	
performance,	occupant	satisfaction,	and	building	energy.	The	subsequent	section	describes	
an	example	that	demonstrates	the	ABM	design:	an	occupant,	performing	a	task,	and	acting	in	




The	 contextual	 task	 analysis	 (CTA)	 questionnaire	 explored	 occupant	 perspectives	 on	 the	
interactions	 between	 their	 tasks,	 their	 individual	 behaviour,	 comfort,	 and	 the	 physical	
characteristics	of	their	workspace.	35-questions,	derived	from	a	variety	of	survey	instruments	
for	 building	 performance	 and	 post-occupancy	 evaluation	 (Ornstein	 et	 al.,	 2005;	 Vos	 and	
Dewulf,	1999;	IBPE	Consortium,	1995),	were	grouped	into	five	parts	in	the	questionnaire.	The	




job.	 The	 third	 part,	 participants	 listed	 and	 sketched	 furniture	 and	 equipment	within	 their	
workspace.	Participants	associated	each	item	in	their	workspace	to	the	selected	tasks	as	well	
as	 identified	any	equipment	required	for	their	 job	that	 is	 located	outside	their	workspace,	
such	 as	 a	 copier	 located	 in	 the	 copy	 room.	 The	 fourth	 part	 asked	 how	 aspects	 of	 the	
participant’s	 workspace	 affected	 their	 task	 performance.	 The	 fifth	 part	 asked	 about	
participant	values	and	overall	perception	of	their	workspace.	These	include	identifying	objects	
Windsor Conference 2016 - Making Comfort Relevant - Proceedings 375 of 1332
the	participant	is	allowed	to	change,	current	clothing	level,	and	overall	satisfaction	with	their	
workspace.	While	the	participant	took	the	survey,	physical	measurements	of	the	occupant’s	
workspace	 were	 documented.	 The	 measurements	 included	 the	 interior	 air	 temperature,	
relative	 humidity,	 air	 speed,	 work	 surface	 light	 levels,	 and	 dimensions.	 Additionally,	 the	
workspace	location	within	the	overall	building,	office	type,	building	systems,	and	any	available	
controls	 with	 the	 workspace	 were	 recorded.	 Exterior	 conditions	 were	 taken	 prior	 to	














and	results	 for	each	CTA	part	are	not	 included	 in	this	paper.	Rather,	the	 information	from	





with	 each	ABM	element.	 The	ABM	 includes	 five	 elements:	 occupant,	 task	 and	workspace	
environment,	task	list,	occupant	actions,	and	workspace	environment	impact.	Occupant	and	
task	 and	 workspace	 environment	 are	 initialization	 definitions	 that	 representing	 building	
occupants	and	the	space	in	which	they	perform	their	tasks.	Task	list	and	occupant	actions	are	






















tasks.	 Static	 variables	 define	 occupants’	 attributes	 and	 values,	 and	 do	 not	 change.	 Static	
variables	 include	 the	 occupant’s	 gender,	 employee	 type,	 workspace,	 preferences	 (e.g.	
tendency	to	be	hot	or	cold,	preference	of	brighter/darker	illumination	levels,	preference	of	
daylight	 to	electric	 light,	and	 tolerance	of	 louder/quieter	 sound	 levels),	and	disability	 (e.g.	
vision	 impairment).	Dynamic	variables	are	 those	 that	may	change	per	model	 time	step	as	
influenced	by	other	environmental	or	occupant	static	attributes.	For	example,	an	occupant	
may	modify	 their	 clothing	 throughout	 the	day	 in	 response	 to	 their	environment.	Dynamic	
variables	include	clothing	and	activity	levels.	
2.2.2 Task	and	Workspace	Environment	
The	 task	 and	 workspace	 environment	 is	 an	 element	 generated	 in	 ABM	 initialization.	
Occupants	perform	tasks	in	the	workspace	environment.	Tasks	were	identified	and	defined	
(Kalvelage	 et	 al.,	 2016b)	 by	 outlining	 the	 physical	 and	 mental	 processes,	 furniture	 and	
equipment,	and	physical	movement	required	to	perform	the	task.	Tasks	were	grouped	in	five	
categories:	 1)	 create	 and	 analyse	 information,	 2)	 search	 for	 information,	 3)	 process	
information,	 4)	 communicate	 information,	 and	 5)	 manage	 information.	 Communicate	
information	was	divided	 into	 three	sub-categories	 representing	phone	call,	 small	meeting,	
and	large	meeting.		
The	 workspace	 and	 task	 requirements	 generated	 a	 specific	 task	 definition	 for	 each	 task	
category.	Workspace	 requirements	 define	 the	 physical	workspace,	 and	 building	 operating	
schedules	link	the	requirements	to	the	building	model.	Workspace	requirements	include	the	
furniture,	 equipment,	 and	 number	 of	 occupants	 required.	 Schedules	 represent	 when	
equipment	is	on/off,	when	an	occupant	is	present/absent,	and	the	furniture	internal	mass.	
The	 task	 requirements	 define	 the	 processing	 resources	 and	 environment	 parameters.	
Processing	resources	are	the	capabilities	and	resources	an	occupant	has	to	bear	on	a	task	
(Wickens	 and	 Hollands,	 1999;	 Clements-Croome	 and	 Baizhan,	 2000).	 Four	 components	




(1984)	 for	 each	 VACP	 component	 provide	 a	 relative	 rating	 of	 the	 use	 each	 resource	
component	in	tasks.	The	rating	interval	scales	range	from	0.0	or	no	activity,	to	7.0	or	a	high	
degree	of	activity.	
Each	 task	places	a	 specific	workload	demand	on	an	occupant	 (Keller,	 2002).	 For	example,	
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(2013b),	62.1	(2013a),	189.1	(2014),	EN	standard	15251	(2007),	and	ISO	standards	9241	(2006)	
and	 7730	 (2005).	 Next,	 these	 ranges	 were	 fine-tuned	 using	 other	 research:	 temperature	
(Wong	et	al.,	2008),	(Jakubiec	and	Reinhart,	2012)	glare,	(Boyce,	2014)	illumination	levels	(Ayr	











tasks	 are	 distributed	 throughout	 the	 remaining	 time-slots	 in	 the	 workday	 to	 create	 the	






occupant	 and	 organizes	 them	 into	 the	 appropriate	 order	 for	 the	 occupant	 to	 choose.	








energy	 efficiency,	 and	 effectiveness	 at	 producing	 the	 desired	 conditions.	 For	 instance,	 an	
occupant	 could	 open	 the	window	 shade	 to	 increase	 illumination,	 but	 this	 adds	 additional	
workload	by	requiring	the	occupant	to	stop	working,	walk	over	to	the	window,	raise	the	blind,	
walk	back	to	their	chair,	refocus	on	task,	and	resume	working.	Further,	while	it	is	the	most	
energy	 efficient,	 there	 is	 no	 guarantee	 adequate	 illumination	 levels	 and	 introduces	 the	
potential	 for	glare.	Alternatively,	 turning	on	a	task	 lamp	guarantees	adequate	 illumination	
and	adds	minimal	workload	by	only	requiring	the	occupant	to	reach	up	and	turn	on	the	lamp	
– only	stopping	work	for	a	fraction	of	the	time	it	would	take	to	open	the	blinds.
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2.2.5 Workspace	Environment	Impact		
The	 workspace	 environment	 impact	 is	 the	 runtime	 ABM	 process,	 and	 consists	 of	 three	
submodels	to	evaluate	the	impact	of	the	workspace	environment	on	task	performance	and	






to	 the	 task	 environment	 parameter	 ranges.	 The	 ABM	 compares	 effective	 temperature	
(thermal),	 illumination	 level	 (visual),	 decibel	 level	 (acoustic),	 and	 CO2	 concentrations	 (air	
quality).	 Any	 environmental	 mismatch	 affects	 both	 occupant	 comfort	 and	 processing	
resources.		
Evaluate	comfort	submodel	corresponds	an	environment	mismatch	to	a	comfort	category	(i.e.	
thermal,	 visual,	 acoustical,	 air	quality).	 Evaluating	each	 comfort	 category	 individually	 then	
combining,	 generates	 a	 single	 comfort	 rating.	 For	 this	 reason,	 one	 comfort	 rating	 cannot	
determine	the	occupant’s	overall	comfort.	For	example,	a	beeping	printer	generates	noise.	




the	 environment	 mismatch.	 For	 instance,	 if	 the	 beeping	 printer	 causes	 an	 acoustical	
annoyance	to	an	occupant	creating	and	analysing	information,	the	increased	noise	adds	to	
the	cognitive	component	by	causing	concentration	difficulties	for	the	occupant	(Kjellberg	and	
Skoldstrom,	1991).	Further,	prolonged	exposure	may	 reduce	 the	occupant’s	motivation	 to	
work	(Evans	and	Johnson,	2000),	and	cause	negative	long	term	effects	on	occupant	health,	











work).	 Job	 satisfaction	 is	 the	 perceived	 satisfaction	 the	 occupant	 has	 with	 their	 task	
performance.	Job	satisfaction	is	influenced	by	comfort	(Clements-Croome	and	Baizhan,	2000),	
and	 therefore,	 is	 combined	 with	 comfort	 to	 produce	 the	 overall	 occupant	 satisfaction.	






simulation	will	 be	 used	 to	 evaluate	 overall	 building	 energy	 usage	 as	 a	 result	 of	 the	 ABM	
element	 interactions.)	 The	 ABM	 starts	 by	 generating	 the	 occupant	 and	 the	 task	 and	
workspace	 environment.	 These	 elements	 remain	 unchanged	 throughout	 simulation	 run.	
These	 two	 elements	 are	 used	 to	 generate	 the	 occupant’s	 daily	 task	 list.	 The	 task	 list	 is	
generated	automatically	accounting	for	monthly	and	yearly	activities	variations,	and	contains	
the	 information	 regarding	 the	 optimal	 task	 and	 workspace	 environment	 and	 occupant	
characteristics	 required	 to	 evaluate	 the	 actual	 workspace	 environment.	 The	 workspace	
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3 Demonstrative	Example	and	Discussion	
Discussion	 of	 the	 ABM	 uses	 a	 demonstrative	 example.	 Figure	 4	 outlines	 the	 parameters	
generated	 for	 one	 day,	 for	 a	 single	 occupant	 performing	 a	 process	 information	 task,	 and	


















task	 list,	 the	ABM	operates	at	a	15-minute	 time	step,	and	uses	 the	occupant’s	 task	 list	 to	
determine	which	task	the	occupant	is	performing	during	that	time	step.	The	time	step	for	this	
example	is	8:30	am,	and	the	occupant	is	performing	the	process	information	task	(box	2).		
The	 processing	 information	 task	 is	 performed	 in	 the	 occupant’s	 workspace	 (box	 5),	 and	








The	 Compare	 environmental	 parameters	 ABM	 submodel	 compares	 the	 task	 environment	
parameters	 (box	 6)	 to	 the	workspace	 environment	 parameters	 (box	 15)	 retrieved	 from	 a	
building	simulation.	The	reported	values	indicate	the	illumination	levels	are	300	lux	below	the	
task	 requirements	 (box	 11).	During	 the	evaluate	 comfort	 submodel,	 the	 occupant’s	 visual	
comfort	 drops	 (box	 16),	 and	 in	 the	 evaluate	 processing	 resources	 submodel,	 the	 lack	 of	
illumination	 increases	the	processing	resources	of	the	task	(box	12).	The	environment	and	
task	processing	resources	are	combined	(box	13).	The	resulting	VACP	values	determine	task	
performance	 (box	 19)	 and	 job	 satisfaction	 (box	 17).	 High	 values	 correspond	 to	 low	 task	
performance	and	low	job	satisfaction,	and	vice	versa	for	low	values.	In	the	example,	both	task	
performance	 and	 job	 satisfaction	 decrease	 due	 to	 the	 high	 visual	 demand	 of	 the	 task.	
Combining	Job	satisfaction	with	comfort	produces	the	overall	occupant	satisfaction	of	eight	
(box	18).	
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Table	2.	Processing	information	task	variable	values	for	processing	resources	and	environment	parameters.	
Task	Processing	Resource	 Value	 Environment	Parameter	 Value	
Visual	 5.9	 Effective	Temperature	 21oC-22oC	
Acoustical	 0.0	 Illumination	Level	 500-550	lux	
Cognitive	 1.2	 Sound	level	 30-35	decibels	
Psychomotor	 5.9	 CO2	level	 <	400	parts	per	million	
The	occupant	could	continue	working	without	modifying	the	environment.	The	effects	would	












selected	 action	 of	 turning	 on	 the	 task	 light	 to	 the	 building	 simulation	 to	 recalculate	 the	
environment	 parameters.	 The	 new	 environment	 parameters	 are	 compared	 to	 the	 task	
environment	parameters	to	output	an	updated	satisfaction	and	task	performance	rating.	
4 Conclusion	
This	 paper	 presents	 an	 approach	 to	 representing	 occupant	 behaviours	 using	 the	
understanding	that	occupant	tasks	are	the	driver	of	behaviour	intentions.	Defining	occupant	
behaviour	as	an	intention	to	satisfy	tasks	defines	a	clear	boundary	to	work	within	to	identify	
model	 input	 parameters.	 Using	 a	 contextual	 task	 analysis	 questionnaire,	 the	model	 input	
parameters	are	represented	as	five	ABM	elements	in	the	task-based	ABM	structure.	By	using	





This	 ABM	 approach	 goes	 farther	 than	 previous	 approaches	 in	 that	 it	 includes	 task	
performance	 and	 occupant	 satisfaction	 metrics	 that	 can	 translate	 to	 cost-savings.	 An	
additional	benefit	is	the	ability	to	expand	on	the	elements	enabling	the	integration	of	new	
building	systems	and	occupant	behaviours.	The	next	steps	in	this	research	include	expanding	




expanding	 evaluation	 criteria	 to	 include	 additional	 comforts	 such	 as	 ergonomics,	 and	
incorporating	transient	occupants,	such	as	stakeholders	and	guests,	into	building	operation.	
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Finally,	 validation	 of	 the	 model	 will	 require	 sensitivity	 analyses	 to	 ensure	 a	 reasonable	
simulation	of	office	occupant	behaviour	as	well	as	comparisons	to	conventional,	standalone	
building	 simulations.	 Comparisons	 can	 be	 made	 related	 to	 building	 energy	 demand	 and	
overall	thermal	comfort,	but	comparisons	of	occupant	satisfaction	and	task	performance	will	
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